Abstract
guppies were introduced to a semi-natural environment at Burgers' Zoo in the Netherlands, 23
where they have since been exposed to avian predation. We compared predation-linked 24 behaviours in this feral population and in domestic guppies akin to the original founders. We 25 found that both populations responded to a novel predator and to conspecific alarm cues. 26
However shoaling, an important anti-predator behaviour, was higher among feral guppies 27 both at baseline and when exposed to the novel predator. We did not observe a linked suite of 28 anti-predator behaviours across shoaling, predator inspection, alarm substance sensitivity and 29 boldness, suggesting that these responses may be decoupled from one another depending on 30 local predation regimes. As we compared two populations, we cannot identify the causal 31 factors determining population differences, however, our results do suggest that shoaling is 32 either a particularly consequential anti-predator adaptation or the most labile of the 33 behaviours we tested. Finally, the behavioural adaptability of domestic guppies may help to 34 explain their success as an invasive species. 35
Experimental procedures

112
Subjects were tested for: i) boldness and exploration, ii) responses to alarm substance, and iii) 113 shoaling and predator inspection, with 3-7 days between tests. Test order was consistent so 114 any carry-over effects from each test were the same across individuals. Housing tanks were 115 divided with plastic partitions to create separate areas for subjects after testing. On test days, 116 fish were fed at the conclusion of testing. Some fish were excluded from tests due to illness 117 or for methodological reasons: 19 guppies per group were used in boldness/exploration tests, 118 17 guppies per group in alarm substance response tests, and 17 domestic and 15 feral guppies 119 in shoaling and predator inspection tests. 120 121
Boldness and exploration 122
The test tank ( fig. 1B ) consisted of a "sheltered" area with gravel, plastic plants and a 123 terracotta pot, and a bare, brightly lit "exposed" area, which also contained a suspended 124 opaque partition creating a novel "hidden" area not visible from the sheltered area. Notional 125 boundaries of these areas and the upper and lower halves of the tank were marked on the 126 front of the tank. At test, individual subjects were released into the sheltered area and 127 behaviour recorded for 10 minutes. 128
129
Latencies to enter exposed and hidden areas were analysed by Wilcoxon-Gehan survival test 130 (subjects that did not enter were assigned the maximum latency of 600 seconds). Time in the 131 exposed area data were log transformed and analysed by independent t test, time in the 132 hidden area was analysed by Mann-Whitney U-test. Activity was assessed by analysing 133 number of transitions between tank quadrants by independent t test. on three sides with white plastic. After 2 minutes for the subject to habituate, 4 ml of ddH 2 O 144 was added with a pipette to start the 20 minute test. Ten minutes later, 4 ml of alarm 145 substance solution was added. Tested subjects were placed in a holding tank to prevent 146 interaction with untested subjects, then moved to the 'tested' division of their home tanks at 147 the end of each day. The test tank was cleaned and refilled before each test. Time immobile 148 ("freezing") and distance swum were analysed by repeated measures ANOVA, with 149 experimental phase (before and after addition of alarm substance) as the repeated factor and 150 population as the independent factor. Freezing data were log transformed before analysis. 151 152
Shoaling and predator inspection behaviour 153
The test tank ( fig. 1C ) was lined with gravel and divided with plastic partitions into left 154 (shoal), central (subject) and right (predator) sections. The transparent left partition was "one-155
way glass" so the shoal could not see the predator or subject (Mathis et al., 1996) . The right 156 partition consisted of an impermeable silicone-sealed transparent partition and a removable 157 8 opaque partition. The shoal section was lit with a 3W LED spotlight to ensure the 158 effectiveness of the one-way glass. Two interlocked plastic cups with matching 3 cm 159 diameter holes were suspended in the subject section, and a shoaling zone adjacent to the 160 companion shoal was marked on the front of the tank, 6 cm (2 body lengths) from the left 161 partition. 162
163
On each test day, 5 same-population companion fish were placed in the shoal section and a 164 red rainbowfish was placed in the predator section. A subject was placed in the suspended 165 cups, with the holes misaligned. After 2 minutes' habituation, the holes were aligned and 166 when the subject exited, the 20 minute test began. After 10 minutes, the opaque partition was 167 removed to reveal the red rainbowfish. We recorded time spent in the shoaling zone and 168 number of predator inspection bouts by each subject over the whole test. At the end of each 169 day, the red rainbowfish and shoaling companion fish were returned to their home tanks. 170
Populations were tested on alternate days to balance test order. Shoaling time data were 171 square root transformed and analysed by repeated measures ANOVA, with experimental 172 phase (before and after the predator was revealed) as the repeated factor and population as the 173 independent factor. Frequency of predator inspection was analysed by independent samples t 174 test. 175 176
Correlations between anti-predator behaviours 177
Relationships between responses to predation cues (the potential predator or alarm cues) were 178 analysed by correlation of behavioural difference scores. A single measure was calculated for 179 the behaviours modulated by exposure to predation cues (shoaling duration, number of 180 predator inspection bouts and freezing duration) by subtracting pre-exposure performance 181 9 from post-exposure performance. These three difference scores were then analysed by 182
Pearson's correlations. Shoaling data difference scores were log transformed prior to analysis. unlikely that phenotypic differences were due to differential levels of inbreeding, they are not 277 derived from the same source populations and so founder effects cannot be discounted. We 278 also considered other environmental influences, however differences in food availability 279 between domestic and feral guppies are unlikely to have been a factor as feral guppies are 280 able to feed ad libitum due to the manatees' feeding regime. While the manatee pool is 281 constantly filtered and tested and water quality resembles that of an aquarium, guppy 282 ectoparasites such as Gyrodactylus spp., are present at low levels. However, the feral guppies 283 were treated to remove parasites after capture, four months prior to the study. 
